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Amber McCullum and Juan Torres-Pérez

July 14, 2020



Course Structure and Materials

* Three, 1-hour sessions on June 30, July
7, and July 14

« Recordings, slides, and homework
assignments can be found after each
session af:

— https://arset.agsfc.nasa.gov/land/we
binars/phenology

* Prerequisites:
— Fundamentals of Remote Sensing
« Q&A: Following each lecture and/or
by email af:
« amberjean.mccullum@nasa.gov
e juan.l.torresperez@nasa.gov

|
H . NASA'’s Applied Remote Sensing Training Program

Earth Sciences Division Applied Sciences

Nasi« ARSET

o Applied Remote Sensing Training

About ~ Trainings » &

Introductory Webinar: Understanding Phenology with Remote
Sensing

Date Range: June 30, 2020. July 7, 2020. July 14, 2020.
Times: 11:00 AM - 12:00 PM EDT (UTC-4)

This training will focus on the use of remote sensing to understand phenology: the study of life-cycle
events. Phenological patterns and processes can vary greatly across a range of spatial and temporal
scales, and can provide insights about ecological processes like invasive species encroachment,
drought, wildlife habitat, and wildfire potential. This training will highlight NASA-funded tools to observe
and study phenology across a range of scales. Attendees will be exposed to the latest in phenological
observatory networks and science, and how these observations relate to ecosystem services, the
carbon cycle, biodiversity, and conservation.

Capacity Building Program ' 4N

Land Management

Online Trainings ~

In-Person Trainings ~

Upcoming Training

Airquality

Introductory Webinar: An
Inside Look at how NASA
Measures Air Pollution
May 26, 2020, May 28, 2020
Airquality

Webinar Introductorio: Un
Vistazo a Como la NASA
Mide la Contaminacion del
Aire

May 26, 2020, May 28, 2020
Water

Introductory Webinar:
Groundwater Monitoring
using Observations from
NASA’s Gravity Recovery
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https://arset.gsfc.nasa.gov/land/webinars/phenology
https://arset.gsfc.nasa.gov/webinars/fundamentals-remote-sensing
http://nasa.gov
http://nasa.gov

Homework and Certificates

« Homework:
— One homework assignment
— Answers must be submitted via
Google Forms
 Cerlificate of Completion:
— Attend all three live webinars

— Complete the homework assignment
by Thursday, July 28" (access from
ARSET website)

— You will receive certificates
approximately two months after

completion of the course from:
marines.marfins@ssaihg.com

. - NASA's Applied Remote Sensing Training Program

Homework: Understanding Phenology
with Remote Sensing

This homework includes questions from the lectures from all sessions of this webinar.
To receive a certificate of completion, you must have attended all live webinar parts and
complete this homework by July 28, 2020. Once you submit the homework, you will receive

an email with a copy of your responses.

Once you click submit, you may click "View Your Accuracy" to see how you did.

* Required

Email address *

Your email



http://ssaihq.com

Course Outline

Part 1:Overview of Part 2: Scales of
Phenology and Phenology and
Remote Sensing National Networks

Part 3: Examples of
Multi-Scalar
Analyses

NASA's Applied Remote Sensing Training Program



Learning Objectives
By the end of this presentation, you will be able to:

« Understand various metrics and methods for evaluating land surface
phenology

- |dentity multiple applications for satellite and near-surface remote sensing
alongside ground-based data networks
- National Products of Spring Onset
- Green Wave Modeling
- PhenoCam and VIIRS
- Urbanization and Phenology

NASA's Applied Remote Sensing Training Program 5
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Phenological Metrics

« Key variables estimated with remote sensing:
— Start of Season (SOS)
— End of Season (EQS)  Start of Season (SOS) for Kansas, 2018
— Maximum NDVI 0 R e U e
— Duration
— Amplitude

" Dec(-30-0)
Jan (1-31)
Feb (32 - 59)
Mar (60 - 90)
Apr (91 - 120)
May (121- 151)
Jun (152 - 181)
Jul (182 - 212)
Aug (213 - 243)
Sep (244 - 273)
Oct (274 - 304)
Nov (305 - 334)
Dec (335 - 365)
Water(1000)
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7 | Image Credit: USGS

NASA's Applied Remote Sensing Training Program 7 ‘



https://phenology.cr.usgs.gov/viewer/

Start of Season

Northwest lowa Corn Belt

- Start of Season Time (SOST)

— Day of year identified as having a " e
. . . 0.8 | | == Smocthed NDVI | 08
consistent upward trend in time e o /
o 0.7 . 0.7
series NDVI N N
S 0.5 0.5
% - =

Start of Season - Time (SOST)
Day of year identified as having

 Start of Season NDVI (SOSN) 04 1

— NDVI value (or baseline) identified st
. oo 0.2 : time senes ; beginning o
at the day of year identified as a g Ny measrade potosyniessin

01 ! \ : the vegetalion canopy | 0.1

hd . . y s
consistent upward trend in time N § N
series NDVI s % % % % % 0% % 0§ % & R
% < % & % UV L WY
2 S T 1
DS Image Credit: USGS
.
. . NASA's Applied Remote Sensing Training Program 8



https://www.usgs.gov/land-resources/eros/phenology/science/deriving-phenological-metrics-ndvi%3Fqt-science_center_objects=0

End of Season

Northwest lowa Corn Belt

 End of Season Time (EOST)

— Day of year identified at the end
of a consistent downward trend

08 — Smoothed NDVI 4

= = = RawNDVI

in time series NDVI N M

* End of Season NDVI (SOSN) S
— NDVI value corresponding with b i 03
the day of yearidentiied atthe  *1,7% -
end of a consistent downward " IS e -alechoy i Hasriphoenegy| |
trend in time series NDVI °0 AR AR AR %; = 00

Month Image Credit: USGS

.. . NASA's Applied Remote Sensing Training Program 9 ‘



https://www.usgs.gov/land-resources/eros/phenology/science/deriving-phenological-metrics-ndvi%3Fqt-science_center_objects=0

Max, Duration, Amplitude

« Maximum NDVI (MAXN)
— Maximum NDVI in an annual time

Northwest lowa Corn Belt

series . 10
08 — Smoothed NDVI 08
* Duration (DUR) oz | | === Rewrov

hod
@
1

— Number of days from the Start of
Season Time (SOST) until the End of
Season Time (EOST) N

NDVI

0.2 7 Duration (DUR) |02
’ \, Number of days from S('):Ieloc
« Amplitude (AMP) y it e ol
- Difference between Maximum NDVI 5737573757 7573787375 3
(MAXN) and Start of Season NDV/| % 2%
(SO NS) Month Image Credit: USGS

NASA's Applied Remote Sensing Training Program 10 ‘



https://www.usgs.gov/land-resources/eros/phenology/science/deriving-phenological-metrics-ndvi%3Fqt-science_center_objects=0

science for a changing world
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Phenology Metrics: Start of Season Time (SOST), 2017 Phenology Metrics: Start of Season Time (SOST), 2017
The SOST estimates the day of the year at the beginning of a consistent upward The SOST estimates the day of the year at the beginning of a consistent upward
trend in time series NDVI and is interpreted as the beginning of measurable trend in time series NDVI and is interpreted as the beginning of measurable
photosynthesis in the vegetation canopy. photosynthesis in the vegetation canopy.
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USGS Phenology Viewer

a USGS

science for a changing world

Dataset (Double click to open)

#= Dataset

< AMP 2
< DUR e

£ EOSN 3
& EOST '

# Overlays
v &2 SOST 2018 &
# Reference Data

<2 U.S. County Boundaries

© OpenStreetMap contributors.

hitps://phenology.cr.usgs.gov/viewer/

NASA's Applied Remote Sensing Training Program 12 ‘



https://phenology.cr.usgs.gov/viewer/
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Methods for evaluating seasonal metrics

« Time Series Analysis: This is critical to most LSP meftrics and is used for all the below
methods.
— Threshold Values
— Inflection Poinfts
— Rates of Change
— Delayed Moving Average

Stack of Landsat images of Australia. Image Credit: WELD

f/ ,~\"‘~\
14 v 2/

NASA's Applied Remote Sensing Training Program


https://lpdaac.usgs.gov/products/gweldmov031/

Noise Reduction in Time Series

« Earth’s atmosphere, changing
illumination patterns, and satellite Northwest lowa Corn Belt
angles can infroduce noise.

08 J | = Smaothed NDVI L 0.8

 Most noise reduces NDVI values.

== = Raw NOVI | 07

« MANY techniques for how to address s
. =2 05 L 05
noise: 2 N
— Filtering
— Compositing A
— Smoothing S .
% %% % 0% % % 0% (X WY 5%
% % > % %
Month
Image Credit: USGS
' S
. . NASA's Applied Remote Sensing Training Program 15



https://www.usgs.gov/land-resources/eros/phenology/science/data-smoothing-reducing-noise-ndvi%3Fqt-science_center_objects=0

Threshold Values

» Threshold Values: When vegetation activity is to begin, peak, or end.
« Can be pre-defined or relative

Pre-defined:

* A set threshold NDVI

— Ex;: NDVI threshold set at 0.099 and the SOS is when NDVI values reaches this
value

Relative:

« Uses multiple seasons to find relative changes in NDVI
 Long term mean

« Baseline year

« NDVI ratios

NASA's Applied Remote Sensing Training Program



Threshold Values: Midpoint

« Example: Seasonal midpoint NDVI (SMN) - Uses relative reference values
to derive the Start of Season (SOS)

* Multi-year median

1.0 4~ -~ time series in each year

NDVI calculated e Median g 1T

« Threshold defined as g |~ threshold r s A
midpoint between - P2 1NN AN

- S 06 BAEE TN

min and maxNDVI g %87 wmigpoint /-5 ﬁ’*\

« Ties the threshold to . / e RN
the seasonal I8 > WYL T
OmpliTUde Of 0.2 - ;:;.\‘tf\\\ ,/’ \‘\f{/\) \\. ;§3
. o« e . = N / i A :w oy i
individual pixels (the 1 e vy
dynomic 0.0 | ) fr— R e S— TS U R

. Jan FebMar Apr May Jun Jul Aug Sep Oct Nov Dec

characteristics)

Month
Midpoint example. Image Credit: Ge et al 2016

N B
.. H NASA's Applied Remote Sensing Training Program 17



https://www.mdpi.com/2072-4292/8/5/433/htm
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Inflection Points

* The time when the fime series changes direction (from concave upward to

concave downward).

: : Leaf Leaf senescence:
« From Decreasing to Increasing = SOS expansion Color change and fall
¢l

=

* From Increasing to Decreasing = EOS :

Inflection Point = osh

Seasonal trajectory of the NDVI after 06}l
daily measurements by the MODIS :
sensor (MODO09GQXK product) during oal © .
a given year on a deciduous stand. T Bt
Image Credit: Guyon and Breda,
2016

NDVI
<o
o

024 » ;

D1p .
VR

- \ e o 9. s i e VI St
O, - - o2y * y M *" 9 ‘l X w, sotfs » I

S0 100 150 200 250 300 350
... . NASA's Applied Remote Sensing Training Program Day of year 18 ‘



https://www.sciencedirect.com/science/article/pii/B9781785481031500078

Delayed Moving Average (DMA)

* Predicted values based on previous
time series observations in NDVI.

« Current NDVI compared to moving
average of previous values

« Trend Change: When smoothed NDVI
values are larger or smaller than
predicted by DMA.

— Start of Growing Season (SOS):
Smoothed NDVI Larger than DMA
predictions.

— End of Growing Season (EOS):
Smoothed NDVI Smaller than DMA
predictions.

... . NASA's Applied Remote Sensing Training Program
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Image Credit: Reed and Sagler, 1997



https://geochange.er.usgs.gov/sw/impacts/biology/Phenological-CO/

Case Studies: NPN Gridded Products




NPN and Gridded Products

« Research Need: Gridded real-time, short-term forecasted, and historical maps of
phenological events, patterns, and frends.
— Assist with many phenology research questions
— Relate back to ecosystem dynamics and climate change

« Primary Products:
— Accumulated Growing Degree Days (AGDD)
— Extended Spring Indices

o

pn 9 .
: % . . ‘ Spnngl ?’ x Leaf, June 3, 2020 o N o " 'mr_ [.&&USGS
AGDD Anomolles for June 3fd 2020 Sprlng Leof Index for June 34, 2020
i i NASA's Applied Remote Sensing Training Program 21 ‘




How does this spring compare to “normal”?
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Image Credit: NPN
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https://www.usanpn.org/news/spring

How often do we see a spring this early or late?

Where early, how often?

Every 1to 4 years

Every 5 to 10 years
~ Every 11to 20 years
B Every 39 years (once)

. Earliest spring on record .*
> S

Where late, how often? y, it
Every 1to 4 years .‘; i ; 5 \
Every5to10years i
B Every 11to 20 years DA 9'6\"‘ &
[ Every 39 years (once) T oo QI L 2
B Latest spring on record R |

B Average
(neither early nor late)

Locations shown are

predicted to reach bloom as <
of May 29, 2020. p .,:

(Created 5/29/20) x Y 7

WWW.usanpn.org §n n@‘d %USGS LA&

National B Phenology Network science for a changing world  Ap15 A

... . NASA's Applied Remote Sensing Training Program
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Over a 39-year
period of
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dates, how

often do we
see springs like
202072



Spring Indices: Observational Data -

. - Phenophase Definition Photo (click to
« Track a Lilac Citizen enlarge)

SCIGHCG PrOJeCT Breaking In at least 3 locations on the plant, a breaking leaf

leaf buds bud is visible. A leaf bud is considered "breaking”
once the widest part of the newly emerging leaf
has grown beyond the ends of its opening winter
bud scales, but before it has fully emerged to
expose the leaf stalk (petiole) or leaf base. The
leaf is distinguished by its prominent midrib and

veins.
Open For the whole plant, at least half (50%) of the
flowers flower clusters have at least one open fresh

flower. The lilac flower cluster is a grouping of
many, small individual flowers.

Full For the whole plant, virtually all (95-100%) of the

flowering flower clusters no longer have any unopened
flowers, but many of the flowers are still fresh and
have not withered.

| hitps.//www.usanpn.org/nn/Tra
!.J7. NASA's Applied Remote Sensing Training Program



https://www.usanpn.org/nn/TrackaLilac

Case Studies: Green Wave Modeling
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Green Wave Modeling

« Green Wave: The flush of green that accompanies leaf-out over the
course of the spring season, as well as the spread of seasonal color across
the country in the autumn.

« Research Objective: Track shifts across the U.S. to validate models, track
pollen activity, and identify the tfiming of fall colors.

« Using Nature’s Notebook, citizen scientists can report on:

 Maples
« Oaks
« Poplars

« QObservations:

* Flowers or Flower Buds
 Open Flowers

« Pollen Release

« Colored Leaves

« Falling Leaves

... . NASA's Applied Remote Sensing Training Program
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Image Credit: NPN



https://www.usanpn.org/nn/Greenwave

Greenwave Modeling: 2019 Campaign

« Metrics:
— 1,504 observers
— 878 sites
— Open flowers for 1,600 individual trees
— Onsets of pollen release for 532 trees
— Onsets of colored leaves for 2,722 trees

— 115,000 records added this year on
Green wave species from the Nationdl
Ecological Observatory Network (NEON)

g&}

Image Credit: NPN

h NASA's Applied Remote Sensing Training Program 28 ‘


https://www.usanpn.org/node/36578
https://www.usanpn.org/nn/Greenwave
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Greenwave Modeling: 2019 Campaign

.»,{,,.r- s . * 1 1
. Sites reporting yes
W S for open flowers in
g Green wave species
_ tl in 2019. Colors
@ E . correspond to the
u .
M ed states time of year open
‘ - ) flowers were

£aMeMo
San 900
A i l.: Vegas

e

S,J-N)o

reported at the site.
Shapes denote
maples, oaks, or
poplars. Green
outlines indicate
more than one

BT T | s s ceioommeemene JENETA Observed at
- - Dec . Acer (Scientific)/Open flowers or pollen cones 'I'hO'I' Si'l'e.

e . Quercus (Scientific)/Open flowers or pollen cones
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1Pase @
7'.;!\ 4 £ Paso
A

- . A0uSt0n



https://myemail.constantcontact.com/Patterns-in-flowering-and-leaf-color-in-maples--oaks--and-poplars.html%3Fsoid=1102731551578&aid=uycv1NcuUoM

Greenwave Modeling: 2019 Campaign

Activity Curves @ 2019: Acer (Scientific) - Open flowers or pollen cones
® 2019: Quercus (Scientific) - Open flowers or pollen cones
2019: Populus (Scientific) - Open flowers or pollen cones
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USA National Phenology Nerwork, www. usanpn.org
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Greenwave Modeling: 2019 Campaign
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Sites reporting "yes"

- for colored leaves in

Green wave species
in 2019. Colors
correspond to the
time of year colored
leaves were
reported at the site.
Shapes denote
maples, oaks, or
poplars. Green
outlines indicate
more than one
genera observed at

that site.
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Greenwave Modeling: 2019 Campaign

® 2019: Acer (Scientific) - Colored leaves or needles
® 2019: Quercus (Scientific) - Colored leaves or needles
2019: Populus (Scientific) - Colored leaves or needles

Activity Curves

1.0+
0.9+

0.8+

Northwestern U.S.
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/| i\\/ |

0.7 1
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R
Q N Vv N v
I

USA Narional Phenology Nenvork, wwis usanpn.org
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Case Studies: Comparisons of PhenoCam and
Satellite Dato




PhenoCam Review
« Automated imagery via consumer-grade camera installed overlooking vegetation
of interest

« Time lapse of images to identify patterns and shifts in vegetation
— Most daily repeat times

« Generally RGB; some with near infrared data too

Image Credit: PhenoCam

|
H . NASA'’s Applied Remote Sensing Training Program



https://phenocam.sr.unh.edu/webcam/

PhenoCam and VIIRS

 PhenoCam
— Digital Photographs
— 30 min
— Red, Green, Blue images
— Two Vegetation Indices

k. s

 Green Chromatic Coordinate
(GCC)
« Vegetation Contrast Index (VCI)

P ——

Image Credit: PhenoCam

NASA'’s Applied Remote Sensing Training Program

* VIIRS
— Satellite Images
— Daily
— Red, Green, Blue, Near-infrared
— Multiple Vegetation Indices

« Normalized Difference Vegetation

Index (NDVI)

« Enhanced Vegetation Index (EVI)

Image Credit: NASA


https://phenocam.sr.unh.edu/webcam/
https://catalog.data.gov/dataset/viirs-npp-surface-reflectance-daily-l2g-global-1km-and-500m-sin-grid-v001

Study Site |

« Research Question: How does VIIRS LSP data systematically compare
to PhenoCam datae

« Konza Prairie Biological Station, Kansas State University, Kansas
 Start Date: 2012-03-17 Last Date: 2019-12-18

* Metrics Evaluated: Start-of-Spring (SOS), End-of-Spring (EOS), End-of-
Fall (EOF), Middle-of-Spring (MOS), Middle-of-Fall (MOF)

June September November

H . NASA'’s Applied Remote Sensing Training Program 36 ‘




PhenoCam Vegetation Indices

« Green Chromatic Coordinate (GCC) « Vegetation Conftrast Index
G G
GCC = VCI =
(R+ B+ G) (R + B)
1
—GCC VClI
0.8 S
8 T L T e LT WM"“”‘T"""WM R Taa SR ATy
¥ el W M
7 A npna
0.2
0
0 40 80 120 160 200 240 280 320 360
Day ofyear (DOY) Image Credit: Zhang, et al 2018
N
.. . NASA's Applied Remote Sensing Training Program 37 ‘



https://reader.elsevier.com/reader/sd/pii/S016819231830087X%3Ftoken=1439CA1C25ED94DD664314C3B5862AC289DCA2ED91AB9E7723D3A219048675A5488803D9411DFB153D5C6BDABD9C1C8E

VIIRS Vegetation Indices

« Normalized Difference Vegetation « Modified Enhanced Vegetation Index
Index (NDVI) (EVI2)
Near-Infrared — Red BV = G PNIR ™ Pred
Near-Infrared + Red Onir + Prog + L

« Lis the canopy background
adjustiment (equal to 1)

« Cis aerosol resistance
coefficient (equal to 2.4)

« Gis again factor with a

Image redi’r: NASA/NOAA value of 2.5.

.. . NASA's Applied Remote Sensing Training Program 38 ‘



https://www.star.nesdis.noaa.gov/smcd/emb/vci/VH/npp_WeeklyComposite.php

PhenoCam vs. VIIRS: Comparisons

(a) SOS (b) MOS

A
@)
3 -
O 3 | 0000600000 Sopo -
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PhenoCam vs. VIIRS: Comparisons

(a) SOS (b) MOS (c) EOS (d) SOF (¢) MOF (NDEOF

EVI2

0.0

| S | _— | L | 1
0 30 60 90 120 150 180 210 240 270 300 330 360
(n) SOS (b) MOS (c) EOS (d) SOF (¢) MOF (NEOF
Aprii 19 - May12 ™ June 4 July 31

D ---
0.8

(c) {d)
0.6 i S ' s (€)
5 (a)..., - "‘“"' A : : " :.(f)
2 04 T — : : : : f
C S S— —~ LTI Rt ! 1 ] ] °oo°Q°oooo°°
02 ¢ 1 0 | : :
poo | | 1 J ! 1
o 0 L oo 1 1 1 1 1L 1 L 1 1 1 1 1
0 30 60 90 120 150 180 210 240 270 300 330 360

Day of year (DOY)

Image Credit: Zhang, et al 2018
. NASA's Applied Remote Sensing Training Program



https://reader.elsevier.com/reader/sd/pii/S016819231830087X%3Ftoken=1439CA1C25ED94DD664314C3B5862AC289DCA2ED91AB9E7723D3A219048675A5488803D9411DFB153D5C6BDABD9C1C8E

VIIRS EVI2 vs. PhenoCam VIC
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Case Studies: Effect of Urbanization on Phenology




Urban Heat Islands (UHI)

* A metropolitan
area which is
significantly warmer
than ifs
surroundings.

« According fo the
EPA, many U.S.
cities have air
temperatures up 1o
10°F (5.6°C) warmer
than the
surrounding natural
land cover.

NASA'’s Applied Remote Sensing Training Program
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https://climatekids.nasa.gov/heat-islands/

UHIs and Phenology

« Research Question: What are the effects of UHIs on plant phenophases?
— Changes to these processes can have cascading effects on the ecosystem.
— Can UHIs be used as a proxy for studying the impacts of climate change (i.e.
iIncreases in temperature)e
— Millions of observations of 136 plant species across the U.S. and Europe

— Plant flowering and leaf out

Image Credit: Pexels, Michael Rocha

Image Credit: Pexels, Jan Krnc
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https://www.pexels.com/
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Observations: Leaf Flowering
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Observations of Leaf Flowering. Image Credit: Li ef al., 2019

European Phenology Network s ‘
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https://pubmed.ncbi.nlm.nih.gov/31712691/
https://link.springer.com/article/10.1007/s00484-003-0174-2

Observations: Leaf Out
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Observations of Leaf Out. Image Credit: Li et al., 2019
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Results

» Urbanization shifts seasonal cycles in a huanced manner.

 However, the influence of human population density on plant flowering and leaf-
out depends on the regional temperature. High population density advanced
plant phenology in cold areas, but this effect disappeared or even reversed in

wdarm dareas.
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Results

« Generally, warmer temperatures and higher population density each spurred
earlier springs.

 In Cold Regions: Leaves and flowers 20 days earlier in cities with 26,000 or more

« In Warm Regions: Leaves and flowers 4-6 days later in cities with 26,000 or more
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Results -

v o "

Plant sensitivity o changes in temperature and urbanization vary
by species. Wake robin, Trillium erectum (left) and the the fulip
tree, Lirodendron tulipifera (right). Image Credit: Li
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https://www.floridamuseum.ufl.edu/science/urbanization-delays-spring-plant-growth-in-warm-regions/

Summary

» There are many metrics to evaluate land surface phenology (e.g. SOS, EQS)
and compare these to ground-based observations.

— Statistical approaches to the identification of these metrics

« Case Study Examples:
— Gridded Products of Spring 2020
— Greenwave Modeling and Citizen Science
— PhenoCam and VIIRS Comparisons
— Urbanization and Phenology

« Get involved in national efforts! Find other networks around the globel!

NASA's Applied Remote Sensing Training Program



Contacts

« ARSET Contacts
— Amber McCullum: AmberJean.Mccullum@nasa.gov
— Juan Torres-Perez: juan.l.torresperez@nasa.gov

« General ARSET Inquiries
— Ana Prados: aprados@umbc.edu

« ARSET Website:
— hitp://arset.gsfc.nasa.gov

-.. . NASA's Applied Remote Sensing Training Program
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Questions

* Please enter your questions into the Q&A box.

 We will post the questions and answers to the
training website following the conclusion of
the course.
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Thank Youl!
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